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(57) Abstract: A device that p^onns a 
mastei/slave switching process dynamically 
changing a device functioning as a master 
device in a network in consideration of 
fixed device performances and also variable 
device states is provided. A device's own 
device information managing section (15) 
of a master device (1) manages device's own 
device information regarding its own device. 
Another device information managing sec- 
tion (16) manages other device information 
regarding other devices, which are slave 
devices. A schedule information managing 
section (17) manages schedule information 
regarding master device candidates. A 
device information processing section 
(13) obtains predetermined information, 
such as the remaining amount of battery, 
from a slave device specified based on the 
other device information and the schedule 
information at a predetermined time. The 
device information processing section (13) 
then compares the obtained predetermined 
information and the device's own device 
information to determine whether a device 
more suitable as the master device than its 
own device (1) is present. If such a suitable 
device is present, a master/slave switching 
process is performed with this suitable 
device. 
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DESCRIPTION 



DEVICE. METHOD. AND PROGRAM FOR PERFORMING MASTER/SLAVE SWITCHING 
PROCESS 



The present invention relates to devices, methods, and 
programs for performing master/slave switching process. More 
specifically, the present invention relates to a master/slave 
switching method for use in a network system where a master device 
manages slave devices, a device that performs the method, and a 
program for performing the method. 

BACKGROUND ART 

In recent years, various technologies have been suggested 
for connecting a plurality of devices to form a network in which 
information stored in one device is used by another device and 
one device remotely controls another device . One example of such 
technologies is a technology using a PAN profile of Bluetooth (R) . 

In general, in a network system formed by connecting a 
plurality of devices, one device (hereinafter referred to as a 
master device) manages all of the other devices (hereinafter 
referred to as slave device) in order to prevent a conflict in 
data communication performed among the devices. In this 
management, the master device provides a transmission right to 
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a slave device, relays data transmission and reception among the 
slave devices, etc. 

In such a system In which the master device manages all of 
the slave devices, the communication performance In the entire 
5 network largely depends on the performance of the master device* 
Therefore, a technology has been suggested for automatically 
determining a device most suitable as the master device. In this 
conventional technology, each device Is provided In advance with 
a level for use In determining the master device • When a new device 

10 is connected to the network, all of the connected devices are 
compared with one another based on their levels , and a device having 
the highest level determined as the master device. 

Now, since the master device manages the entire network 
system, processing load emd power consiuaption of the master device 

15 are large compared with those of the slave device. Particularly, 
most devices that incorporate a wireless commiiinication technology, 
such as Bluetooth (R) , are battery-powered portables, and therefore 
the amount of power consumption required for functioning as the 
master device is hardly negligible. However, in the 

20 above-mentioned conventional technology, the device having the 
highest level is always set as the master device irrespectively 
of a device ' s state changing with time , such as the remaining amount 
of battery and the processing load. Moreover, the master device 
is never switched unless another device having a higher level than 

25 the current master device is newly connected to the network. 
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Therefore, when an Inconvenience, such as battery exhaustion, 
occurs to the current master device, the network might be down. 

In order to get eiround the above problem, the master device 
Is set In consideration of the state of each device as well as 
5 the performance of each device. However, when the network system 
Is a home network system In which home electric appliances are 
connected to one another, for example, the state of each home 
electric appliance Is likely to vary depending on time of day and 
season. Therefore, the master device Is preferably set In 

10 consideration of the state and performance of each device at the 
time of setting and also a change in the state of each device that 
is expected to occur etCterweurd. 

Therefore, an object of the present invention is to provide 
a device that perfoinns a master/ slave switching process for 

15 dynamically cheuiglng a device most suitable as a master device 
in a network in consideration of the performance and state of each 
device at the time of setting and also a change in the state of 
each device that are expected to occur afterward, a method of 
performing the master/slave switching process, and a program 

20 therefor. 

DISCLOSURE OF THE INVENTION 
The present Invention is directed to a device having a master 
f iinctlon for use in a network system in which a master device manages 
25 at least one slave device . In order to achieve the object mentioned 

3 
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above, the device according to the present Invention Includes a 
device's own device Information managing section, cui other device 
Information managing section, a schedule Information managing 
section, a device Information processing section, and a switch 
5 controlling section. 

The device ■ s own device Information memaglng section manages 
device's own device Information regarding Its own device. The 
other device Information msmaglng section manages other device 
Information regeurdlng at least one another device connected to 

10 the network system, the other device Information Including at least 
availability of the master function. The schedule Information 
managing section manages schedule Information Indicative of master 
device candidates by predetermined segment. When the device 
operates as the master device, the device Information processing 

15 section specifies a slave device which Is one of the master device 
candidates having the master function based on the other device 
Information and the schedule Information, and obtains 
predeteirmlned Information from the specified slave device. The 
switch controlling section controls switching between a master 

20 operation and a slave operation based on the predetermined 
Information obtained by the device Information processing section 
and the predetermined Information Included In the device's own 
device Information. 

Typical examples of the predetermined time €ure a time when 

25 a device having the master function Is newly connected to the network 
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system, and a time when a change occurs to the device's own device 
information managed by the device ' s own device Information managing 
section. The change of the device's own device Information Is 
preferably resource Inf ozmat Ion required for the master operation , 
5 a reduction In a remaining amount of battery, or a deterioration 
In communication quality. Also, the predetermined segment may 
be a segment of time of day or season. Furthermore, preferably, 
the switch controlling section transmits the other device 
Information managed by the other device Information managing 

10 section to a device newly performing the master operation. 

Also, processes performed by the sections of the device can 
be collectively taken as a master/slave switching method Including 
the series of these processes . That Is , the master/slave switching 
method Includes the s teps of : specifying , at a predetermined time , 

15 a slave device which Is one of master device candidates having 
a master function based on other device Information Including at 
least availability of the master function of other devices 
connected to a network and schedule Information Indicative of 
master device candidates by predetermined segment; obtaining 

20 predetermined Information from the specified slave device; and 
controlling switching of a master operation and a slave operation 
based on the predetermined Information obtained In the Information 
obtaining step and predetermined Information of device ' s own device 
Information of the device currently performing the master 

25 operation. 
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The functional blocks forming the above -described device 
may be achieved by an LSI • Also , the master/slave switching method 
may be provided In a form of a program for causing a computer to 
perfoinn a series of processes. This program may be Introduced 
5 to a computer as being recorded on a computer- readable recording 
medium. 

As described above, according to the present invention, the 
device functioning as the master device is dynamically changed 
among the devices forming the network. With this, even if an 

10 inconvenience, such as battery exhaustion, occurs to the current 
master device , the current master device is switched to a new master 
device for maintaining the network. Also , even if the environment 
of the devices changes with time, it is possible to narrow down 
the most suitable master device candidate with the use of the 

15 schedule information. This reduces the load on the system caused 
by the master/slave switching process. 



20 configured by devices performing a master/slave switching process 
according to a first embodiment of the present invention. 

FIG . 2 is a block diagram illustrating the detailed structure 
of a master device. 

FIGS. 3A and 3B are illustrations showing examples of 
25 schedule Information mcuiaged by a schedule information managing 

6 



BRIEF DESCRIPTION OF THE DRAWINGS 



FIG. 1 is an Illustration showing the concept of a network 
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section • 

FIG. 4 Is em illustration showing one example of device's 
own device information managed by a device ' s own device information 
matnaging section. 
5 FIG. 5 is an illustration showing one example of other device 

information managed by an other device information managing 
section • 

FIG. 6 is a flowchart showing a procedure of a master/slave 
switching method performed by the devices according to the first 
10 embodiment of the present invention. 

FIG. 7 is a flowchart showing a detailed procedure of a 
master/slave switching process (step S610) of FIG. 6. 

FIG. 8 is a sequence diagram showing the procedure of FIG. 7 . 
FIG. 9 is a flowchart showing emother detailed procedure 
15 of the master/slave switching process (step S610) of FIG. 6. 

FIG. 10 is a sequence diagram showing the procedure of FIG. 

9, 

FIG. 11 is a flowchart showing another procedure of the 
master/ slave switching method performed by the devices according 
20 to the first embodiment of the present Invention. 

FIGS. 12A and 12B are illustrations for describing schemes 
for determining a master device. 

FIG . 13 is a flowchart showing a detailed procedure performed 
in a master/slave switching process (step S1108) of FIG. 11. 
25 FIG. 14 is a f lowch€u:t showing another detailed procedure 
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performed in the master/slave switching process (step S1108) of 
FIG. 11. 

FIGS. ISA €uid 15B are illustrations showing the concept of 
anetworkconf Igured by devices performing amaster/slave switching 
5 process according to a second embodiment of the present invention. 

FIG. 16 is an illustration showing an example of a system 
specifically achieving the network of FIGS. ISA and ISB. 



10 (First Embodiment) 

FIG. 1 is an illustration showing the concept of a network 
configured by devices performing a master/ slave switching process 
according to a first embodiment of the present invention. As shown 
in FIG. 1, the network according to the first embodiment is 

is configured by one master device being connected to one or more 
slave devices in a wired or wireless manner for intercommunication . 
FIG . 1 shows an example of the network in which a device 1 functioning 
as a master device manages devices 2 through 5 functioning as slave 
devices . Description is made below to a mixed network of devices 

20 having a master function for functioning as a master device and 
a slave function for functioning as a slave device and devices 
having only the slave function 

FIG. 2 is a block diagram illustrating the detailed structure 
of the device 1, which is the master device in FIG. 1. In FIG. 

25 2, the device 1 includes a communication section 11, a network 
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processing section 12, a device Information processing section 
13, a master/slave switch controlling section 14, a device's own 
device Information managing section 15 , an other device information 
mcmaglng section 16, a schedule Information managing section 17, 
5 and a device ' s functional block 18 . Each of the devices 2 through 
5, which are the slave devices, heis the same structure as that 
of FIG. 2 If they have the master function. If they do not have 
the master function , each of the devices 2 through 5 has a structure 
similar to that of FIG. 2, except that the master/slave switch 

10 controlling section 14 and the other device information managing 
section 16 are omitted. In the following description, for the 
sake of clear distinction of the components included in each device , 
components Included in a device 1 (1 = 1 to 5) core represented 
as a communication section 11, a network processing section 12, 

15 a device information processing section 13 , a master/slave switch 
controlling section 14 , a device * s own device information managing 
section 15, an other device Information managing section 16, a 
schedule Inf ormationmemaging section 1 7 , and a device ' s functional 
block 18. 

20 First, each component Included in the device 1 is 

schematically described. 

The communication section 11 performs a predetermined 
communication with a communication sectlon(s) jl (j is any other 
than 1) of another devioe(s) J in response to instructions from 

25 the network processing section 12, the device information 

9 
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processing section 13 and the master/slave switch controlling 
sectlonl4 . The network processing section 12 performs anecessary 
process when Its own device 1 or another device j newly participates 
In the network. The device Information processing section 13 
5 performs an Information obtaining process and an Information 
comparing cuid determining process based on schedule Information 
(which will be described further below) to determine whether a 
master/slave switching process Is to be performed. The 
master/slave switch controlling section 14 performs a 

10 predetermined switching process when the device Information 
processing section 13 determines that the master/ slave switching 
process Is to be performed. The device's own device Information 
managing section 15 stores andmeuiages predetermined Information 
(device's own device Information) regeurdlng the device 1. The 

15 other device Information managing section 16 stores and manages 
predetermined Information (other device Information) regeurdlng 
the devlce(s) J. The schedule Information managing section 17 
stores andmcuiages schedule Information Indicative of master device 
candidates by predetermined segment. The device's functional 

20 block 18 Is a section that performs primary functions of the device 
1. For example. If the device 1 Is a television set, the device's 
functional block 18 corresponds to a functional section for 
receiving a program and displaying the received program on a screen . 
The schedule Information managed by the schedule Information 

25 managing section 17 Is used for narrowing down master device 
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c€mdldates In performing a master/ slave switching process • This 
schedule Information Is useful when the environment where devices 
are placed Is changed with time , such as when the present Invention 
Is applied to a home network. As well known, the home network 
5 Is assvimed to Include various home electric appliances connected 
to one another, such as Information devices (personal computers, 
facsimile machines, Btc), audiovisual devices (televisions, 
video recorders, etc.)r cooking devices (microwave ovens, 
refrigerators, etc. ) , and alr-condltloning devices (coolers, £ah 

10 heaters, etc. ) . Each type of such devices has Its own time zone 
and season when the device Is frequently used. For example. It 
Is expected that cooking devices are frequently used In the early 
evening for preparing dinner and so are televisions thereafter 
in feually time, and coolers are frequently used In summer and so 

15 are fan heaters In winter. Therefore, It Is preferable that a 
device expected to be used during a specific time zone or season 
should be excluded from master device candidates during that time 
zone or season. In order to ncirrow down master device candidates , 
schedule Information as exemplarlly Illustrated In FIG. 3A or 3B 

20 Is used. FIG. 3A depicts a schedule divided Into time zones . For 
example. In FIG. 3A, master device candidates In a time zone of 
11:00 to 14:00 are the device 3 and the device 5. FIG. 3B depicts 
a schedule divided Into seasons (dates). For example. In FIG. 
3B, master device candidates from April 1 to June 20 are the device 

25 2 and the device 3. Alternatively, the schedule Infoxiaatlon may 

11 



wo 2004/109996 




PCT/JP2004/007859 



have registered thereon devices not suitable as master devices. 

FIG. 4 Is an Illustration showing one example of the device ' s 
own device Information managed by the device's own device 
Information managing section 15 . Note that not all Items Included 
5 In the device's own device Information are required to be stored 
In the device's own device Information managing section ±5, but 
It suffices that at least Items that are referred to for the 
master/slave switching process , which will be described further 
below, are stored. 

10 In FIG . 4 , the device ' s own device Information Includes Items 

Indicative of fixed performance of the device « such as Its device 
ID, CPU power, and availability of the master function, and Items 
Indicative of variable states of the device , such as power supply 
type, the remaining amount of battery, emd the device's condition. 

1 5 The device ID Is Identification Information for uniquely specifying 
the device. In Bluetooth (R), BD_Address corresponds to this 
device ID. The CPU power Is represented by a type of the CPU and 
an operating clock frequency . Availability of the master function 
Indicates whether the device has the master function (master 

20 process routine). Items other than the above Included In the 
device's own device Information are, for example, manufacturing 
date, standard price, rank set for each product . The power supply 
type Indicates whether the device Is powered by AC power supply 
or battery and , when powered by battery , Indicates a type of battery 

25 (alkaline, lithium, etc). The remaining amount of battery 



12 
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xncLLcates the remaining amount when the power supply type is battery . 
This remaining amount of battery may be represented by a ratio 
( % ) of the remaining amount of battery to the mc^imum amount thereof 
or by an estimated remaining time for operation . When the power 
supply type is AC power supply, the remaining amount of battery 
may be set to have a maximum value or a predetermined value other 
than the maximum value for distinction. The device's condition 
includes a power-applied time, a use time, a transmission output 
level, a time from reception of a request to transmission of a 
response (a response time) , information indicative of whether the 
device is in a power-saving mode, a CPU running ratio for measuring 
a load on a CPU, and the like. 

FIG, 5 is an Illustration showing one example of the other 
device information stored by the other device Information memaging 
section 16. Note that the other device information is not 
restricted to the information depicted in FIG . 5 , but may be freely 
set according to the information referred to when the master/slave 
switching process, which will be described further below, is 
performed . 

In FIG. 5, the other device information stored in the other 
device information managing section 16 is related to every slave 
device J connected to the network, and is held only by the master 
device i. Every time a new device j' participates in the network, 
the master device 1 obtains necessary information from the device ' s 
own device information stored in the device's own device 

13 
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Information managing section J5 of the new device j,, and stores 
the obtained Information In the other device Information managing 
section 16. In the example of FIG. 1, since the device 1 Is the 
master device^ only the other device Information meoiaglng section 
5 16 of the device 1 has stored therein Information regarding the 
other devices 2 through 5, which are the slave devices, as the 
other device Information . Examples of Items Included in the other 
device Information €ure , as for each device J connected to the network 
as a slave device, a device ID (address), an operation mode 
10 ( normal/power- saving ) , availability of the master function, the 
remaining amount of battery, and quality of communication between 
the device 1 and the device ( s ) J ( error rate , electric field strength , 
etc) . 

Next, with further reference to FIGS. 6 through 14, the 
15 master/slave switching process according to the present invention 
to be performed between the above- structured devices in the network 
shown in FIG . 1 is exemplarlly described . In the present embodiment , 
description is made to the following two cases: one is that the 
master/slave switching process is performed upon peucticipation 
20 of a new device in the network and the other is that the process 
is performed at other times. Furthermore, in the present 
embodiment, it is assumed that the master/slave switching process 
is performed based on the remaining amount of battery of each device . 
(1) The case where the master/slave switching process is 
25 performed upon pjcurtlcipation of a new device in the network: 
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Here, the following discussion Is based on the premise that 
the roaster device 1 and the slave devices 2 through 5 have their 
device's own device information (FIG. 4) stored in the device's 
own device information managing sections 15, 25, 35, 45, and 55, 
5 respectively. Furthermore, the master device 1 has the other 
device information regarding the slave devices 2 through 5 (FIG. 
5) stored in the other device information managing section 16. 

A device 6 to newly participate in the network generates 
a network participation request at the network processing section 

10 62 , and then transmits the generated request to the device 1 (step 
S601). When the device 1 receives the network participation 
request, the network processing section 12 determines whether to 
allow participation, and then sends a response for allowing or 
rejecting participation to the device 6 ( step 8602 ) • When allowing 

15 participation of the device 6, the network processing section 12 
stores the information received from the device 6 in the other 
device information managing section 16 ( steps 8603 and 8604 ) . With 
this, the device 6 participates in the network as a slave device. 
This new participation of the device 6 in the network is reported 

20 from the network processing section 12 to the device Information 
processing section 13. 

Upon reception of the report, the device information 
processing section 13 sends a request through the communication 
section 11 to the device 6 for predetermined information required 

25 for determination to be made in the master /slave switching proces s , 
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the predetermined Information Including Information Indicative 
of whether the device 6 has the master function (step S605) . The 
predetermined Information Is resource Information required for 
the master operation. In the present embodiment, as the 
5 predetermined Information, availability of the master function 
and the remaining amount of battery are requested. However, the 
predetermined Information to be requested Ccui be freely designed 
depending on the performance and the objective of the system to 
be configured, ana the like. Also, this request for the 

10 predetermined Information can be sent at one time or a plurality 
of times. When the request Is sent at a plurality of times. Its 
response can be sent at one time or a plurality of times. 

When the device 6 receives the request for the predetermined 
Information from the device 1, the device Information processing 

15 section 63 extracts Information regarding availability of the 
master function and the current remaining amount of battery from 
the device's own device Infoirmatlon managing section 65, and then 
sends the extracted Information to the device 1 (step S606). 

When the device 1 receives the predetermined Information 

20 from the device 6, the device Information processing section 13 
stores the predetermined Information, that Is, availability of 
the master function and the remaining amount of battery. In the 
other device Information managing section 16. Next, the device 
Information processing section 13 determines whether the device 

25 6 Is to be subjected to the master/slave switching process (step 
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S607) . In this step S607, it is determined that the device 6 is 
to be subjected to the master/slave switching process when it is 
known based on the other device information cind the schedule 
information that the device 6 has the master function and is a 
5 master device candidate « When determining that the device 6 is 
to be subjected to the switching process, the device information 
processing section 13 reports as such to the master/slave switch 
controlling section 14. Upon reception of the report, the 
master/slave switch controlling section 14 extracts the 

10 information regetrding the remaining amount of battery of the device 
6 from the other device information managing section 16 and the 
information regarding the remaining amount of battery of the device 
1 from the device's own device information managing section 15. 
The master/ slave switch controlling section 14 then compeures both 

15 pieces of information to determine whether the device 6 is more 
suitable as the master device than the device 1, that is, whether 
the perf ormeuice of the device 6 is higher as the master device 
than that of the device 1 (steps S608 and S609). Specifically, 
the device whose ratio of the remaining amount of battery is larger 

20 or whose estimated remaining time for operation is longer is 
determined as the device more suitable as the master device. 

When information other than the remaining amount of battery 
is used for determination , the following scheme can be taken . When 
the power supply type is used, a priority order is set in advance, 

25 suchas "ACpower supply > lithium battery > nickel cadmium battery > 
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alkaline battery > manganese battery" . Based on the priority order, 
which of the devices 1 and 6 has a higher priority can be determined. 
Also, when the CPU power is used for determination, a device having 
a higher-performance CPU or a higher clock frequency is determined 
5 as the device more suitable as the master device. Furthermore, 
when the manufacturing date or the standard price is used for 
determination, based on the fact that a device having a newer 
manufacturing date or a higher standard price tends to have a 
higher-perf ormeuice CPU or a higher clock frequency, determination 

10 is made similarly according to the above. When the device's 
condition is used for determination, a device having a longer 
power-applied time , a longer use time , a higher transmission output 
level , ahigher response , or ahigher CPU running ratio is determined 
as the device more suitable as the master device. When a remk 

15 is given to each product , determination is made in accordance with 
the rank. In the foregoing, determination is made by using a 
specific item of information. Alternatively, determination may 
be made by using a plxirality of the above -described items of 
information each assigned with a weight. 

20 Upon determination that the device 6 is more suitable (has 

a higher performance ) as the master device , the mas ter/ slave switch 
controlling section 14 of the device 1 performs, in cooperation 
with the master/slave switch controlling section 64 of the device 
6, a master/slave switching process for causing the device 6 to 

25 perform a master operation (step S610). This master/slave 
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switching process is performed in the following two ways (refer 
to FIGS. 7 through 10). 

a. First master/slave switching process (FIGS. 7 and 8) 
The device 1 transmits a master/slave switching request to 
the device 6, which is subjected to the master/slave switching 
process ( step S701 ) • Upon reception of the master/slave switching 
request, the device 6 transmits a response Indicating that the 
request is accepted or rejected to the device 1 (step S702) . The 
request is rejected in cases such as where the device 6 is once 
connected to the network but this connection is merely temporary 
and disconnection is scheduled shortly thereafter or where it is 
difficult to perform a master operation in view of the CPU power 
( for example . the device 6 is currently playing back moving pictures , 
and therefore taking on other tasks are not desired) . 

Upon reception of the response indicating that the request 
is accepted, the device 1 tremsmits the other device information 
stored in the other device information meuiaging section 16 to the 
device 6 (steps S703 and S704) . The device 6 then stores the other 
device information received from the device 1 in the other device 
information managing section 66 and performs a master/ slave 
switching process with the device 1 (step S705). With this, the 
device 6 , which has been a slave device, becomes the master device, 
while the device 1, which has been the master device, becomes a 
slave device. 

The device 6 then perfoirms a reconnecting process on the 

19 
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slave devices 2 throu^ 5 based on the other device Information 
stored In the other device Information managing section 66, and 
reports to them that the device 6 has become a new master device 
(step S706). Simultaneously with this process, the device 6 
5 obtains the latest other device information from each of the devices 
1 through 5 to update the other device information stored in the 
other device information managing section 66 (step S707). The 
connection that has been established between the device 1 and the 
devices 2 through 5 may be cut out when the device 1 transmits 

10 the other device Information to the device 6 or when the device 
6 performs a reconnecting process on the devices 2 through 5. 
b. Second master/slave switching process (FIGS. 9 and 10} 
The device 1 transmits a master/slave switching request to 
the device 6 (step S901). Upon reception of the master/slave 

15 switching request, the device 6 trcuismits a response Indicating 
that the request is accepted or rejected to the device 1 (step 
S902 ) . The cases where the request is re J ect ed have been described 
above . 



20 accepted, the device 1 transmits the device ID (address) of the 
device 6 , which will become a new master device , to each of the 
devices 2 through 5 based on the other device information stored 
in the other device information majiaglng section 16 (steps S903 
and S904). The device 6 then performis a master/slave switching 

25 process with the device 1 (step S905) . With this, the device 6, 



Upon reception of the response indicating the request is 
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which has been a slave device, becomes the master device, while 
the device 1, which has been the master device, becomes a slave 
device • 

The devices 2 through 5 then use their device IDs to perform 
a reconnecting process on the device 6 ( step S906 } . Simultaneously 
with this process, the device 6 obtains the latest other device 
Information from each of the devices 1 through 5 , and stores the 
obtained Information In the other device Information managing 
section 66 (step S907)- Alternatively, the other device 
Information may be sent In advance from the device 1 to the device 
6 for update at the time of the reconnecting process. Still 
alternatively, the other device Information may be newly generated 
at the time of the reconnecting process. Also, the connection 
that has been established between the device 1 and the devices 
2 through 5 may be cut out when the device 1 performs a master/ slave 
switching process with the device 6 or when the devices 2 through 
5 performs a reconnecting process on the device 6. 

(2) The case where the master/slave switching process Is 
performed at a predetermined time: 

Here, the following discussion Is based on the premise that 
the master device 1 and the slave devices 2 through 5 have the 
device's own device Information (FIG. 4) stored In the device's 
own device Information managing section 15, 25, 35, 45, and 55, 
respectively. Furthermore, the master device 1 has the other 
device Information regarding the slave devices 2 through 5 (FIG. 
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5) Stored In the other device Information managing section 16. 

The device Infoirmation processing section 13 of the device 
1 determines whether a predetermined time has come (step SllOl) « 
The predetermined time may be a predetermined time of day, a 
5 predetermined time Interval, a time when the state of the device 
Is changed, such as a time when a commeuid Is Issued, a time when 
the remaining amount of battery Is changed or a time when the 
communication quality Is deteriorated, or a time when the 
processing load of the CPU Is changed. The chsmge of the remaining 

10 amount of battery can be easily detected by, for example, 
determining whether the remaining amount of battery Is lower than 
a predetermined threshold. The degradation In communication 
quality can be easily detected by , for example , determining whether 
an error rate ( frequency of occurrence of a retransmitting process ) 

15 as to. data received from each slave device has been Increased or 
determining whether the electric field Intensity has been 
attenuated. Examples of the time when a master /slave switching 
process unique to a home network Is required eare a time when a 
master video device starts preprogrammed recording and a time when 

20 a master facsimile machine starts receiving facsimile. 

When It Is determined that the predetermined time has come, 
the device Information processing section 13 refers to the other 
device Infoirmation stored In the other device Information managing 
section 16 to extract devices having the master function (step 

25 S1102) . The device Information processing section 13 then refer 
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to the schedule Information managed by the schedule Information 
managing section 17 to further extract only master device 
candidates from the devices extracted In step S1102 (step S1103) . 
The device Information processing section 13 then transmits, to 
the extracted master device candidates, a request for the 
predetermined Information required for determining whether to 
perform the master/slave switching process (In the present 
embodiment, a request for the remaining amount of battery) (step 
S1104). 

The device Information processing section 13 of each device 
1 receiving th|B request for the remaining amount of battery extracts 
the Information about the current remaining amount of battery from 
the device's own Information managing section 15, and then 
transmits the extracted Information to the device 1 (step SI 105) . 

When the device 1 receives the remaining amount of battery 
from each device 1 , the device Information processing section 13 
stores the received remaining amount of battery In the other device 
Information managing section 16, and also reports the received 
remaining amount of battery to the master/slave switch controlling 
section 14 • Upon reception of this report , the master /slave switch 
controlling section 14 extracts the Information about the remaining 
amount of battery of each device 1 from the other device Information 
managing section 16 and the Information about the remaining amount 
of battery of the device 1 from the device ' s own device Information 
managing section 15 . The master /slave switch controlling section 
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14 then compares all pieces of extracted Information to determine 
whether a device that Is more suitable as the master device than 
the device 1 Is present , that is , whether a device whose perf ormeince 
as the master device is higher than that of the device 1 is present 
5 (step S1106). Specifically, the device whose ratio of the 
remaining amount is the largest or whose estimated remaining time 
for operation is the longest is determined as the device most 
suitable as the master device. 

For example, when the remaining amounts of batte3:ry of the 

10 devices 1 through 5 are as shown in FIG. 12A, the device 2 is 
determined as the device most suitable as the master device • At 
this time, if the above-mentioned power supply type is taken into 
consideration, a predetermined coefficient is set for each power 
supply t3npe according to the priority order. Then, by adding the 

15 predetermined coefficient to the remaining amount of battery or 
by multiplying the remaining amount of battery by the predetermined 
coefficient, the device most suitable as the master device is 
determined (FIG. 12B). In this case, the device 3 is determined 
as the device most suitable as the master device. Determination 

20 to be made by using information other thsui the remaining amount 
of battery has been described above. 

Upon determination that a device that is more suitable (has 
a higher performance) as the master device than the device 1 is 
present, the master/slave switch controlling section 14 of the 

25 device 1 performs, in cooperation with the master/slave switch 
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controlling section of the more suitable device, a master/slave 
switching process for causing the more suitable device to perform 
a master operation (steps S1107 and S1108). This master/slave 
switching process in step SI 108 is performed basically in the 
above -described two ways (refer to FIGS. 7 through 10) • However, 
the master/slave switching process in step SI 108 is different from 
that shown in FIGS. 7 through 10 in the following point. That 
is , as shown in FIGS . 13 and 14 , assuming that there are a plurality 
of master device ceuidldates, when a first one of them rejects the 
master/slave switching request, the next one is subjected to a 
predetermined process . A routine of such a predetermined process 
is shown in steps S1301 and S1302 of FIG. 13 and steps S1401 and 
S1402 of FIG. 14. Hereinafter, this different point is 
additionally described. 

Upon receiving the response rejecting the request , the device 
1 determines whether ajmother slave device suitable as the master 
device is present (steps S1301 and S1401) • If such a slave device 
is present, the device 1 again performs a master/ slave switching 
process on this slave device (steps S1302 and S1402). 

As described above , according to the device performing the 
master/ slave switching process of the first emboddLment of the 
present invention, the device functioning as the master device 
is dynamically changed among the devices forming the network . With 
this, even if an inconvenience, such as battery exhaustion, occurs 
to the current master device , the current master device is switched 
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to a new master device for maintaining the network. Also, even 
If the environment of the devices changes with time. It Is possible 
to narrow down the most suitable master device candidate with the 
use of the schedule Information. This reduces the load on the 
5 system caused by the master/slave switching process. 
(Second BmboddLment) 

FIG. 15A is an illustration showing the concept of a network 
configured by devices performing a master/slave switching process 
according to a second embodiment of the present invention. As 

10 shown in FIG. ISA, the network according to the second embodiment 
has the structure in which a first network and a second network, 
each of which includes one master device and one or more slave 
delces as described in the first embodiment , are connected to each 
other at their master devices. For example, in the wireless 

15 communication technology, such as Bluetooth (R) , the first network 
and the second network correspond to Piconets , while the network 
according to the second embodiment that includes these two networks 
corresponds to a Scattemet . A feature of the second embodiment 
is that the master/slave switching process is performed between 

20 the first network euid the second network . In the network according 
to the second embodiment , the master devices of the first and second 
networks each perform the master function and the slave function 
simultaneously. This is because, when viewed from the master 
device of the first network, the master device of the second network 

25 is one of the slave devices and, when viewed from the master device 
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Of the second network, the master device of the first network Is 
one of the slave devices . 

In the state shown In FIG. 15A, when the device state Is 
chemged, such as when the communication quality Is deteriorated, 
5 the master/slave switching process Is performed on the relation 
between the master devices of the first and second networks. In 
this process, either one or both of the error rate and the electric 
field Intensity cure checked for all combinations of the devices 
Included In the first and second networks. Here, If the schedule 

10 Information Is used together, the number of combinations of the 
devices can be reduced, thereby reducing the processing load on 
the system. Of these combinations, one combination of devices 
that Is most suitable Is then selected. On the selected devices, 
the master/slave switching process Is then performed In each of 

15 the first and second networks. Finally, a new master device In 
the first network after switching and a new master device In the 
second network after switching are connected to each other. With 
this, as shown In FIG. 15B, for example, a pair of devices, one 
In the first network and the other In the second network, can be 

20 determined as the master devices. 

As has been described In the foregoing, according to the 
device for performing the master/slave switching process of the 
second embodiment of the present Invention, even when a plurality 
of small networks are combined to form one large network, the effect 

25 of the first emboddLment ceui be obtained. A specific example Is 
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shovm In FIG . 16 , in whlcli a plurality of security sensors ( devices ) 
for preventing crime form a several number of small networks , and 
these small networks further form a large network. 

In the device that performs the master/slave switching 
5 process of the present invention, each of the functional blocks 
of the device information processing section 13 , the master/slave 
switch controlling section 14 , the device ' s own device inf oinnation 
managing section 15 , the other device information msuiaging section 
16 , and the schedule information managing section 17 are typically 

10 achieved by a l€u?ge- scale integrated (LSI) circuit (called em IC, 
a system LSI, a super LSI, a ultra LSI, or the like, depending 
on the degree of integration) (refer to FIG. 2 ) . Each of the blocks 
may be formed on one chip, or all or part of the blocks may be 
formed on one chip. 

15 Also, circuit integration is achieved not only by an LSI 

but also by a dedicated circuit or a general-purpose processor. 
Further, a Field Programmable Gate Array (FPGA), which is 
programmable after memuf acturing the LSI , or a reconf igurable 
processor capable of reconfiguring the connection of circuit cells 

20 and the setting inside the LSI can be used. 

Furthermore, integration of the functional blocks can be 
performed by using a new circuit integration technology that would 
replace the LSI technology with the advance of the semiconductor 
technology or with the advent of another derivative technology. 

25 One possible technology that would be adapted for use is a 
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blotechnologlcal technique. 

Furthermore, the method of performing the master/slave 
switching process of the present Invention Is achieved by a CPU 
Interpreting predetermined program data that Is stored In a storage 
5 device (a ROM, a RAM, a hard disk, etc. ) and Is capable of causing 
the above -described processes to be performed. In this case, the 
program data may be Introduced through a recording medium to the 
storage device, or may be executed directly from the recording 
medium. 



INDUSTRIAL APPLICABILITY 
The present Invention can be used for a network system In 
which a master device manages slave devices, for example, and Is 
pairtlculeurly suitable when a device most suitable as the master 
15 device In the network system Is dynamically changed In 
consideration of the performance and state of each device. 
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CLAIMS 



1 • A device having a roaster function for use In a network 
system in which a master device manages at least one slave device, 
5 the device comprising: 

a device ' s own device information managing section operable 
to manage device's own device information regarding the device; 

an other device Information managing section operable to 
manage other device information regarding at least one another 
10 device connected to the network system, the other device 
information including at least availability of themaster function ; 

a schedule information managing section operable to manage 
schedule Inf onnation indicative of master device candidates by 
predetermined segment; 
15 a device information processing section operable, when the 

device operates as themaster device , to specify, at a predetermined 
time, a slave device which is one of the master device candidates 
having the master function based on the other device information 
and the schedule Inf ormation, and operable to obtain predetermined 
20 information from the specified slave device; and 

a switch controlling section operable to control switching 
of a master operation and a slave operation based on the 
predetermined information obtained by the device information 
processing section and the predetez:inined information included lii 
25 the device's own device information, 

30 
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2. The device according to claim 1, wherein 

the predetermined tdLme Is a time when a device having the 
master function Is newly connected to the network system. 

3. The device according to cladLm 1, wherein 

the predetermined time Is a time when a change occurs to 
the device's own device Information managed by the device's own 
device Information managing section. 

4. The device according to claim 3, wherein 

the change of the device ' s own ' device Information Is a 
reduction In a remaining amount of battery. 

5. The device according to claim 3, wherein 

the change of the device's own device Information Is a 
deterioration In commxinlcatlon quality. 

6. The device according to claim 5, wherein 

the communication quality Is a quality of communication with 
the slave device Included In the network system. 

7. The device according to claim 5, wherein 

the communication quality Is a quality of communication with 
a master device Included In another network forming the network 
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system. 

8. The device according to claim 1, wherein 

the predetermined Information Is resource Information 
5 required for the master operation. 

9. The device according to claim 8, wherein 

the predetermined Information Is a remsdjilng amount of 
battery. 

10 

10. The device according to claim 8, wherein 

the predetermined Information Is a state of load on a CPU. 

11. The device according to claim 1, wherein 

15 the predetermined segment Is a segment of time of day. 

12. The device according to claim 1, wherein 
the predetermined segment Is a segment of season. 

20 13. The device according to claim 1, wherein 

the switch controlling section transmits the other device 
Information meuiaged by the other device Infoinnatlon managing 
section to a device newly performing the master operation. 

25 14. A master/slave switching method to be. performed on a 
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device currently performing a slave operation by a device currently 
performing a master operation « the method comprising the steps 
of: 

specifying, at a predetermined time, a slave device which 
5 Is one of master device candidates having a master function based 
on other device information including at least availability of 
the master function of other devices connected to a network axiA 
schedule information indicative of master device candidates by 
predetermined segment; 
10 obtaining predetermined information from the specified 

slave device; and 

controlling switching of the master operation and the slave 
operation based on the predetermined information obtained in the 
information obtaining step and predetermined information of 
15 device ' s own device information of the device currently performing 
the master operation. 

15. A computer-readable program for causing a device 
currently performing a master operation to perform a method of 
20 performing a master/slave switching process on a device currently 
performing a slave operation, the program comprising the steps 
of: 

specifying, at a predetermined time, a slave device which 
is one of master device candidates having a master function based 
25 on other device information including at least availability of 
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the master function of other devices connected to a network and 
schedule information indicative of master device candidates by 
predetermined segment; 

obtaining predetermined information from the specified 
5 slave device; and 

controlling switching of the master operation and the slave 
operation based on the predetermined information obtained in the 
information obtaining step and predetermined information of 
device ' s own device information of the device currently performing 
10 the master operation • 

16. An integrated circuit for use in a device having a master 
function, the device bedLng used in a network system in which a 
master device mainages at least one slave device, the circuit 
1 5 comprising : 

a device ' s own device information managing section operable 
to manage device's own device information regarding a device 
including the circuit; 

an other device information roeuiaging section operable to 
20 manage other device information regarding at least one another 
device connected to the network system, the other device 
information including at least availability of the master function ; 

a schedule information managing section operable to manage 
schedule information indicative of master device cemdidates by 
25 predetermined segment; 
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a device Information processing section operable, when the 
device operates as the master device, to specify, at a predetermined 
time , a slave device which Is one of the master device candidates 
having the master function based on the other device Information 
and the schedule Information, and operable to obtain predetermined 
Information from the specified slave device; and 

a switch controlling section operable to control switching 
of a master operation and a slave operation based on the 
predetermined Information obtained by the device Information 
processing section emd the predetermined Information Included In 
the device's own device Information. 
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FIG. 11 
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